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USE OF OVETRON LASER VI BROVETER FOR DYNAM C TESTI NG
1. SCOPE
1.1 Scope. This docunent describes the procedure to be used
when conducting a dynam c test using the Oretron VPl Sensor |aser
vi bronmeter and the LMS Laser Vibroneter Integration (LVI) system

1.2 Purpose. This procedure defines the specific operating
instructions of the vibroneter and LVI system

1.3 Applicability. This procedure applies to all ED27
personnel performng dynam c tests using the |aser vibroneter.

1.4 System Description. The system under test consists of
the test article, Oretron VPl Sensor, LMsS LVI hardware (when
appl i cabl e) el ectro-dynam ¢ shaker, accel eroneter(s) or | oad
cell(s), and data acquisition system

1.5 Ceneral. The Test Engineer shall be responsible for
coordi nation and enforcenent of the docunent activities.

2. APPLI CABLE DOCUMENTS

ED27- CDL- FOP- 002 Calibration of Oretron Laser Vibroneter
for Dynam c Testing

ED27- CDL- FOP- 003 HP3566/ PC Data Acqui sition for Dynam c
Tests
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3. REFERENCE DOCUMENTS

Associ at ed Equi prrent Manual s
Gsci | | oscope
Dat a Acqui sition System
El ect ro-dynam ¢ Shaker
Onetron VPI Sensor Qperator's Mnual
HP 3566A/ 3567A Operati ng Reference
LMS Laser Vi broneter Integration Manua

ED27- ON - M&V-002 Quality Records Contr ol

ED27- OW - M&V- 003 Test Report Control

MPG 1700. 1 MSFC | ndustrial Safety Procedures and
Qui del i nes

ANSI Z7136.1 Anerican National Standard for Safe Use
of Lasers

ED27- EMA- FOP- 003 HP 9000 Data Acquisition for Modal
Surveys

ED27- EMA- FOP- 008 Cabling Schematics for the HP 9000

Conmputer with HP 3565 Measurenment
Har dwar e for Modal Surveys
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4. DEFI NI TI ONS

4.1 Onetron VPI Sensor A non-contact, |aser based, sensor
whi ch neasures the velocity of a solid surface.

4.2 LNMS Laser Vibroneter Integration System A hardwar e and
software systemthat controls a | aser vibroneter for the
acqui sition of three dinensional velocity measurenents.

4.3 El ectro-dynam ¢ Shaker An el ectromagnetic input
excitation source.

4.4 Oscil |l oscope Currently using a Tektroni x TDS640A. Any
gener al - pur pose oscill oscope may be used.

4.5 Reference input accel eroneter or |oad cell Any

cali brated accel eroneter or load cell which neasures the
excitation input acceleration or force.

4.6 Data Acquisition System ( DAS) Currently using an
HP3566A PC based DAS. Any general purpose DAS may be used.
The DAS should have at mninmum 2 inputs, one for the
vi brometer output and reference accel eroneter or |oad cell
and 1 output for the excitation drive signal.

5. SAFETY PRECAUTI ONS AND WARNI NG NOTES

The VPI Sensor has a | aser output of no nore than 1 mW and
falls under the category of Class Il |aser products. Therefore,
precautions should be taken to prevent continuous intentional
viewng directly inline wwth the path of the | aser beam The
| aser beam shall not be ainmed at personnel or at head height, and
t he beam shall be bl ocked or turned off when not in use.
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6. ACTI VATI ON PREPARATI ONS

Prior to test initialization, the test engineer shall:

a. Determ ne the proper excitation nethods, |evels, and

b.

C.

equi pnent .

Identify and characterize the test article fixtures and
support hardware.

Det erm ne whether the test article will require surface
preparation to ensure adequate | aser beamreturn
characteristics and identify the appropriate surface
preparation if necessary.

Ensure that proper cabling will be used for all test
and nmeasurenent equi pnent.

Determ ne the proper VPl sensor lens elenent to be used
inside the vibroneter based on the distance fromthe
sensor to the test article.

otain the proper scale factors for the velocity range
settings of the vibroneter and enter these scale factors
into the DAS dat abase.

Check to see that the unit is current for calibration
and neasurenent validation. If the unit is not currently
in calibration refer to ED27- CDL- FOP-002, Calibration of
Laser Vi broneter for Mdal and Vibration Testing, for
cal i bration procedures.

Ensure that the VPI sensor unit has not been damaged or
tanpered wth.

Ensure, when in use in a test, that the LMS Laser

Vi brometer Integration (LVI) hardware is properly
connected to the Oretron vi broneter and the applicable
HP 9000 wor kst ati on.

Ensure that the test area is properly controlled to
preclude the possibility of continuous, direct |ine of
si ght | aser beam exposure to personnel. This may include
war ni ng signs of |aser use, curtains, and/or novable
tape barriers surrounding the test area.
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7. VI BROVETER ONLY PROCEDURES

a.

b.

Set up and connect the vibroneter and DAS according to
their respective reference docunents.

Connect the reference accel eroneter or load cell to one
i nput channel of the DAS and the Oretron VPl Sensor raw
out put signal to another input of the DAS. Connect the
source excitation signal fromthe DAS to the el ectro-
dynam ¢ shaker

Turn on the vibroneter |aser power supply, the

vi brometer mrror power supply, and all other test and
measur enent equi pnent.

Aimthe | aser at a specified neasurenent point. Using
an oscilloscope, nonitor the Doppler signal of the

| aser. Focus the laser on the neasurenent point until

t he nodul ati on of the Doppler signal anplitude
approaches 10V pk-pk or until the highest anplitude is
reached.

Initialize a drive point excitation through the DAS and
begin frequency or tinme based neasurenents using the DAS
per ED27- CDL- FOP-003 HP3566/ PC Data Acquisition for
Dynam c Tests.

Upon conpl etion of the nmeasurenment(s) for this point
save the data on appropriate magnetic nedia. Turn off or
di sabl e drive point excitation.

Repeat steps d through f until data fromall the

requi red nmeasurenent points are obtained.

| f three dinensional velocity neasurenents are to be
acquired by using the LM5 LVI system refer to Section
8

Turn off the | aser power supply and then turn off power
supply to laser vibronmeter mrrors. Power off all other
test and neasurenent equi pnent.

8. VI BROVETER AND LMS LASER VI BROVETER | NTEGRATI ON ( LVI)
SYSTEM PROCEDURES

This section contains information that is to

suppl ement the LM5S LVI manual. It is applicable to
nost of the six functions of the LM5 LVI system The
functions are:

1. Laser Setup
2. Calibration/Registration
3. Tuni ng
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4. Singl e Point Measurenment
5. Multiple Point Measurenent
6. Reconbi nati on

Also information is given for LVI (LMS is not
referred to for the rest of this sections) hardware setup
and test article geonetry definition. Procedures defined in
Section 7 are still applicable and are to be used in any
test.

b. LVI hardware setup procedures are as foll ows:

1. To interface with the LVI unit, the inline
swi tches on the back of the vibrometer nmirror
power supply are set to REMOTE.

2. Use the Serial Port A on the HP 9000- 750
wor kstation to connect the RS 232 cable fromthe
wor kstation to the LVI unit.

3. Install the LVI System cable fromthe back of the
LVI systemunit to the vibrometer mrror power
supply X axis BNC connector and Y axis BCN
connector.

4. Prior to opening the LVI application, use the
Oretron handset to focus the laser while the | aser
is in the neutral position. Use both the size of
the | aser dot (smallest size possible) and the
anplitude of either of the two Doppler outputs
(m ni mum of 500 nV peak) to obtain the optinmm
| aser return. Inline swtches have to be set to
LOCAL for use of the handset. Use the soft
button panel on the Oretron to select the velocity
range and Auto Gain Control (AGC) if needed. AGC
is always used for the |low velocity range.

Since RAW QUTPUT is used for acquisition of
mobility frequency response functions, no decade
| ow pass filter needs to be selected. Insure the
inline swtches are placed back to the REMOTE
setting before opening the LVI application.

c. The following is applicable to the test article’s
geonetry:

CHECK THE MASTER LI ST-VERI FY THAT THI S I S THE CORRECT VERSI ON BEFORE USE




Mar shal | Space Flight Center Facility Operating Procedure
ED27/ Structural and Dynami cs Test G oup

Use of Onmetron Laser ED27- CDL- FOP- 001 Revision: A
Vi broneter for
Mbdal and Vibration Testing | Date: April 2, 2002 Page 8 of 16

1. Test article geonetry cannot be exactly or close
to being collinear. One or nore planes of the
test article geonmetry should have an aspect ratio
as close to one as possible.

2. The vi broneter coordinate systemis defined as
follows: x-y axes are in the plane defined by the
face of the vibroneter, z axis is parallel to the
vector the | aser beam makes when it is in the
neutral position. This vector is directly out of
the face of the vibrometer (the x-y plane). The
test article z-axis should be aligned (parallel)
as close as possible with the z-axis of the
vi brometer (aligned with the |aser beam when in
the neutral position). |In nost applications,
especially when reconbi ning tests, the | aser beam
will not be aligned with the test article' s z-
axis. Large angles between the vibroneter’s z-axis
and the test articles z-axis may in sone test
configurations may not be avoi ded.

3. The position of the vibronmeter for each of the
three tests should be around the sane distance
fromthe test article and ideally should form an
equi l ateral pyram d around the test article. Each
shoul d be around 60 degrees from each other to
insure they are well separated. For each position
it should be insured that the angle of the | aser
relative to the test article’s surface at each
point is not too small.

d. The following is applicable to the | aser setup:

l1.1n the | aser setup, the geonetry definition is 1mm
and the view angle is O mn. 30 sec. Ceonetry
definition is defined in netric units only. The
test article geonmetry can be in English units.

2.For the fields where the horizontal and verti cal
conversion factors (also called paraneters) are
input, only one side of the expressions should
have a negative value or values. The range
definition is positive.
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e. The following is applicable to |aser
calibration/registration

1. The angle the |laser nakes with the surface of the
test article at each response point is usually not
a concern as long as a good Doppl er signal (m ninmm
of 500 n¥ indicating good focus) is achieved.

Acute angles (small angles with respect to the
surface of the test article) at response points
shoul d be avoi ded as nuch as possible. If needed,
reposition the vibroneter to avoid small angl es.

2. Prior to registration of a |laser position, the
| aser should be noved to all of the response points
on the extrene edges of the test article. This is
to ensure the vibroneter can “see” each point from
it current location. Prior to placenent of the
vi broneter, a rough sketch can be made, using the
straight line distance between the vibronmeter and
test article, to determne if the vibronmeter can
“see” each point on the test articles extrene edges
with no nore than +/-10 deg novenent of the |aser
fromit’s neutral position. Slightly |arger angles
can be used, however angles close to the maxi num
angl es of the vibroneter (+/- 12.5 degrees) nmay
cause problens due to nonlinear behavior of the
mrror assenblies at the maxi num angles. The LVI
Tuni ng node can al so be used to determne if al
the points on the test article’s extrenme edges can
be seen by the vibroneter.

3. The array of response points used for registration
shoul d not be symmetrically distributed and should
not be collinear. The array should never be
coplanar. If they are, such as for a plate, just
adapt sone of the coordinates of these points in
positive and others in negative direction to nmake
t hem non-copl anar. The changes can be an order of
magni tude smaller then the test article’s
di rensions. For the exanple of a 1mx 1mpl ate,
add and subtract 1 or 2 mmfromthe coordi nates
perpendi cular to the plane of the plate. The test
article response point geonetry itself can be
symmetrical. The outer points of the array should
forma geonetry with an aspect ratio as close to
one as possible. H gh aspect ratios should be
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avoi ded. Poi nts near the center, extrene (outer)
edges, and sone in between these areas on the test
article should be used. |If the test article has a
clear 3'% dinension (ie a 3D object) points on

di fferent “depths” should be used. Registration
poi nts should have the sane geonetric scale in the
| aser x-y plane ans should be spread out equally.
For nost structures, at |least 5 points should be
used for registration. For nore conplicated
structures, 7-8 points should be used. Al
response points should be contained in the vol une
defined by the registration points. H gh aspect
rati o structures cause nonlinearities in the

al gorithmused to calculate the |ocation of the

vi brometer. In these cases, vibroneter
registrations will not be accurate.

4. The coordinates calculated in the registration are
the coordinates of the test article’s axis system
origin expressed in terns of the laser’s axis
system The accuracy of the x and y coordi nates
(directions perpendicular to the | aser beamand in
the plane of the vibroneter face) is usually good.
Accuracy of the z coordinate (along the line
between the vibroneter and test article) is |less,
but this is the direction that is the |east
sensitive to errors. The z-axis coordinate should
be between 5-8% of the neasured distance between
the test article’ s axes origin and the vibroneter.

5. After the coordinates in the registration are
cal cul ated, the check function should be used to
determ ne the accuracy of the registration. Check
first the rotation matrix for any rows or col umms
of zeros or very large values. If the rotation
matrix is fine, then check the accuracy of the
poi nts. Values can be | arger than one and nunbers
in the 200-300 ranges are acceptable. Wen
checking the points used in the registration, the
| aser shoul d nove exactly to the sanme |ocations
used for those points. Wen checking the other
points, the |laser should nove fairly close to these
poi nts.

6. All response points should be checked to insure

that the laser will go to the right |ocations
during the M MO operation. |f deviations of
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several inches are seen fromusing the check nenu
for one or nore points, the registration is in
error and should be repeated (see next item. |If
the difference between the cal cul ated and act ual

| aser position is wthin 5-8% of each other, the

| aser should be able to be positioned at each
response point. The actual |aser position is
determ ned by manual |y neasuring the straight-1ine
di stance between the | aser vibroneter and the
origin of the test article s coordi nate system
The tuning function should not be used to
recal cul ate angl es needed to position the | aser at
each response point. It should only be used when
fine adjustnents are needed at a response point
bef ore neasurenents are nade.

7. If the vibroneter does not go to one or nore points
as seen fromusing the check function, then the
regi stration needs to be repeated for that
particular test. To performa new registration,

t hese actions can be taken to inprove the
calculation of the laser’s position:

a. Use additional points for registration.

Addi tional points can be those points that the
| aser could not be positioned to as seen in the
check function.

b. Move the vibroneter several inches in any
direction. This should be perfornmed before any
measurenents are nade so that the same test id can
be used. |If the vibroneter is noved AFTER
measurenents are nade, then a newtest with its
own registration should be created so that the

cal cul ated and stored vi broneter position is the
one that was used to neasure the stored data.

The registration should be repeated several tines
i f needed so that the 5-8% di fference between

cal cul at ed and nmeasured vi brometer z-axis |ocations
are obtai ned before neasurements are nade and saved
to a test.

8. If the msmatch between the geonetry nodel and the
mar ki ngs of the response points on the structure is
determ ned to be large, the difference between the
cal cul ated and actual |aser |ocation can be |arge.
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f.

The followng is applicable to tuning:

1

While in the tuning node, do not use | arge
movenents of the vertical and horizontal slider
bar. Only small increnental novenents shoul d be
used. For each novenent of a slider bar, the |aser
noves to the neutral position first and then noves
to the commanded position. Fast novenents of a
slider bar may cause the laser to fluctuate at a
fast rate between the neutral position and the
commanded position. To use the slider bar, click
onit, nove it to the desired |location (angle),

then release it. Wit till the |aser beamis in

t he commanded position before noving the slider bar
again. It is best to use the arrow buttons only if
possi bl e.

The purpose of the tuning is not to adjust al
points. |If the registration produces the correct

| aser location, the software will be able to
position the laser on all response points
accurately w thout any user interaction. Tuning is
to be used to provide fine adjustnents at a

response point when required. It should not be
used to correct for deviations seen in the check
function in the registration. |If deviations in the

check nmenu are large (several inches), the
registration solution is in error and should be
repeated (see registration-calibration).

g. The followng is applicable to Fnon-LVI-nultiple
poi nt measur enent :

1

Al point IDs are assigned in the FMON point ID
menu except for the laser channel. The | aser
channel point IDis assigned in the LVI software
since it continuously changes from point to point.

If tests are to be reconbi ned, ANGULAR CORRECTI ON
MJUST BE OFF in the M MO node. Each of the three
tests nmust have the sane axis and direction
assigned in the MMO. Only points that have the
sane direction in all three tests will be

reconbi ned. The direction doesn't matter, but +/-Z
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is usually the best choice because the distance
between the laser and the test article is usually
along the laser’s z-axis, which should be basically
parallel to the test article s z-axis.

h. The following is applicable to reconbination:

1

The reconbi nati on process | ooks for the points in
three tests that have the sane axis and direction
for their measurenents. Only these points are
reconbi ned and placed in the list of points to be
used for reconbination. Only FRFs, auto power
spectrunms and cross power spectrums can be
reconbined. All or sone points can be selected for
reconbi nation. For nost reconbinations, all points
are sel ect ed.

Each neasurenent resulting fromthe reconbination
and saved in a fourth test has a sensitivity index
value. Sensitivity indexes are quality indicators
and they are seen in the user identification fields
in the data formatter. The sensitivity index is a
measure of the error anplification that is present
in the reconbination and they indicate how an error
in the neasured data propagates to the reconbined
data. It is different for each point and each
direction of a point. Sensitivity values should be
close to 1. Values at or below 6 are acceptabl e.
Usual ly the sensitivity index for the z-axis is
smal l er than the x and y-axis because the biggest
part of the neasured velocity is out-of-plane.
Current location refers to the response points that
are fixed. Current setup is the three |aser
positions (three independent tests). A change in
any of the vibroneter positions used in the three
reconbi ned tests or the use of a new (fourth) test
in a reconbination wll change the sensitivity

i ndexes.

A reconbination of three tests can result in a
strong error anplification (high sensitivity index
values) even if the locations of the vibroneter in
each of the three tests are cal cul ated accurately
(cal cul ated position within 5-8% of neasured) and
good quality neasurenents are obtained. |[If one or
nore sensitivity indexes are 10 or higher, a fourth
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test is necessary. The fourth test uses a

vi brometer position conpletely different fromthe

| ocations used for the other three tests. The
fourth test should be used in reconbinations that
have all conbinations of two of the original three
tests. The reconbination with the | owest
sensitivity val ues should be used. To have
sensitivity values drop dramatically, a fourth test
shoul d be used.

4. Sensitivity values are based on geonetrical
cal cul ati ons and depend on the val ues cal cul ated
for the three vibroneter positions. An error in
one of the three vibroneter |ocations may produce
sensitivity values |l ower than those obtained using
three accurate vibroneter positions because these
vi brometer |ocations (two accurate, one with error)
lead to less error anplification during a
reconbi nation. However, it is nore inportant to
have accurate vibroneter registrations and good
measurenents for the three tests used in a
reconbi nation. The accuracy of the registrations
and neasurenent quality determne the initial error
on the data. For the nost part, the influence
regi strations have on sensitivity val ues can be
di sregarded. If high sensitivity values are
present, even though the three registrations are
accurate (+/- 5 to 8%difference between cal cul ated
and neasured), and the neasured data in each test
is acceptable, it is not necessary to use a fourth
test for any new reconbinations. It is nore
inportant to reduce the “initial error” on the
measur enents by having accurate vibroneter
regi strations. Therefore, the registration in each
test needs to be inproved as previously discussed
prior to acquiring neasurenents. |If there are
sensitivity values of 10 or higher, even for
accurate vibroneter registrations, a fourth test
shoul d be generated and used in additional
reconbi nations as di scussed before.
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APPENDI X A

SAMPLE
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ED27/ MODAL AND CONTROL DYNAM CS TEST TEAM
TEST SETUP SHEET

VI BRATI ON & MODAL TEST USI NG LASER VI BROVETER

FOR
Test Article Nane
TCP #
Test Article S/N
Drive Point Measurenment Transducer: Axis:
Model S/'N Scal e Fact or

| nspect the Oretron VPl Sensor unit for
damage or tanpering

Connect power supply, turn on | aser

Scan the laser to a specified neasurenent point

Focus the laser until the Doppl er signal anplitudes
are maxi mum or 10V pk- pk

Enabl e the drive source signa

Record the data and save to magnetic nedi a

Laser velocity range

Scal e Fact or

Measur enent Poi nt

Test Engi neer Anal yst
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